Introduction
Polymer materials have different problems in adhesion because of their low surface energy. The bond formed between surfaces during adhesion is directly related to its surface energy and the contact angle. In order to join the polymer materials and to obtain the desired strength, different surface treatments must be applied. Surface treatment can improve the surface energy and wettability. Wettability is an important notion to describe surface energy elevation. To describe the wettability, the surface of the drop and the surface of the material angle is examined. The degree of wettability which is requested can be provided by different surface treatments.
1,2
The corona treatment systems working with electrical discharge at the polymer surfaces interact with the polymer molecules and free radicals. The radicals which are free and located on the surfaces of polymers can allow cross-link on surfaces with each polymer molecule. In corona, such as electrons and an electric field, ions are accelerated which forms a stream of charged particles. In this method, a polymer's highfrequency is exposed to a corona discharge generated by the high voltage alternating current. 3 Plasma treatment is applied in a vacuum region. The polymer surface under reduced pressure is bombarded with an inert gas such as argon, helium or oxygen. On the plasma, surface molecules activated with noble gas ions increase the strength of the adhesive by crosslinking. In general, the concentration of functional groups added to a polymer surface by plasma may vary over time, depending on the ambient temperature and the temperature. Surfaces are reshaped in response to different circles. Surface shaping removes diffusion and polar function groups from the surface into the bulk of low molecular weight oxidized materials.
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PU composite treated by corona discharge and grafted maleic anhydride, the tensile and impact properties were improved.
Anagreh et al. 6 carried out research on low-pressure plasma pre-treatment of PPS surfaces for adhesive bonding. Surface treatment was carried out using an oxygen plasma technology on PPS. The results showed that oxygen plasma pre-treatment was gave the best adhesion for PPS surface rather than argon plasma.
Molitor et al. 7 used various methods of surface treatment including traditional treatments such as acid etch, anodization, novel plasma spray and laser treatments for both polymer composites and titanium. Sodium hydroxide etching gave the better strength and resistance. The best condition for two layer and bonding had been plasma treatment before bonding. Dobbi et al. 8 studied the effects of plasma treatment on greenhouse PE cover aged under sub-Saharan conditions. The mechanical, physical and structural affects were analysed after applying plasma treatment. The results showed that changes from, the plasma treatment occurred on the surface. Iqbal et al. 9 investigated the effects of atmospheric pressure plasma treatment on the surface energy of PEEK, CF and GF reinforced PPS. The polar surface has showed increasing surface energy of the sum of components. The atmospheric plasma treatment and low pressure plasma treatment were applied on the PEEK. The low pressure plasma treatment increased the surface energy more than the plasma treatment. Ersoy and Kuntman 10 studied the surface properties of polymeric dielectric with a contact angle. Borax concentration was used for increasing the surface tension. Once the samples were immersed in an electrolyte solution for resistance of the dispersion liquid on the surface, this was shown to weaken the strength and tension properties. It was also observed that the contact angle of the polyester sample with borax contributions increased the surface energy. Figure 1 . Izod impact test specimen is given in Figure 2 . Weicon Easy-Mix PE-PP 45 adhesive was applied on the adherend surfaces. It is a two component adhesive that is based on methyl acrylate with a processing time of approximately 2-3 min. It provides a fast development of strength, high final strength, curing with residual elasticity, ageing resistance and chemical resistance. It has average shear strength between 2.8 and 14.1 MPa on polymer surfaces and no test record on its impact strength.
22
Surface Treatment. Three different surface treatment methods were applied to specimens before bonding. In the first step, three types of specimens were abraded with the same mesh size sandpaper (P100C). For the second treatment, three types of specimens were subjected to corona treatment for two different processing times. The first specimen group was subjected to corona treatment for approximately 150 sec, the second specimen group subjected to treatment for approximately 300 sec. For the third treatment, three types of specimens were subjected to plasma treatment for two different processing times, similarly to the corona treatment. After all surface treatment and bonding process were completed specimens were dried in an oven at approximately 50 24 The technical specification of corona and plasma treatment systems is illustrated in Table 1 and Table 2 .
27 The cabinet working principle for temperature range is between -10 and 60 o C and, humidity set range is between 10% and 95% Rh. The shear test was done at room temperature. Corona and plasma surface treatments were applied at two different levels which have 150 and 300 sec.
Bonding Process. The mechanical abrasion, corona and plasma processes were applied to the samples tested. Corona and plasma surface treatments were applied at two different levels. Weicon Easymix PE-PP 45 adhesive was applied on one substrate after the surface treatment. After bonding, the specimens were carefully protected. The specimens were left for 24 h at room temperature to complete curing. After surface treatments and bonding, the specimens used for shear stress tests were left 30 days in the deep freeze at -20, 0 o C and the other specimens were exposed to 50 o C and 95% Rh. in the climatic cabinet for 30, 60 and 90 days for ageing tests.
The bonded specimens were loaded in shear using an Alsa servo-hydraulic testing machine at across head displacement rate of nearly 2 mm.min . In experiments, an average of four specimens in each group was obtained. The experimental conditions of the shear tests are summarized in Table 3 . Measuring for impact strength, the specimens which had been used for izod impact tests were left for 30 days in deep freeze at -20 and 0 o C. Corona and plasma surface treatments were applied in one level. The experimental conditions for the izod impact tests are summarized in Table 4 . *Mean values of shear stress for four specimens (MPa).
Results and Discussion
The experimental studies were analysed. The results were interpreted by comparison. PE, PP and PVC material specimens were evaluated individually according to the process applied. Figure 3 shows the shear stress changes due to different temperature and surface treatments which were applied for PE specimens. The results showed that the conditions of -20 o C in deep freeze for 30 days and 50 o C in cabinet for 30 days' ageing for which had corona treatment had the highest results for shear stress. In the same conditions, the plasma treatment specimens provided similar results. As the ageing time increased, the shear stress was reduced. In general the ageing time increases at the same temperature and, the shear stress falls. Figure 4 shows the shear stress changes due to different temperature and surface treatments applied to PP specimens. The highest values were shown at -20 o C in deep freeze for 30 days and at room temperature for 30 days. First level corona and first level plasma provided nearly the same values. Generally, ageing time decreased the shear stress for the effect of treatment on every type of surface. Figure 5 illustrates the shear stress changes due to different temperature and surface treatments applied to the PVC specimens. PVC shows the highest effect of surface treatment at -20 o C in deep freeze for 30 days and at room temperature for 30 days. As ageing time increased, shear stress decreased, as for PP. The effects of surface treatment showed with abrasion, and with corona and plasma surface treatments. The abrasion of PE, PP and PVC specimen's shear stress changes with temperature and exposure time are shown in Figure 6 . The abraded surfaces for PE and PP provided similar results but PVC had a characteristic difference because of its friability. The results for PVC began to decrease with increasing of temperature and ageing time. According to PVC results, ageing temperature and ageing time increases showed the failure because of the decline of the interface's bond strength. Although PVC worked more at a temperature of 50 o C, the adherend and adhesive interfaces could not provide shear strength for all the shear stress values for PE specimens with abrasion and this is shown in Figure 6 . Shear stress values of abraded specimens decreased with the effect of ageing. The PVC specimen in particular was shown to have a net decrease in prolonged ageing time.
The shear stress values for specimens to which first level corona was applied are shown in Figure 7 . PE and PP specimens showed better results for shear stress values than abrasion treatment. Corona treatment were able to give better results for shear stress until beginning of ageing. Prolonging ageing time gave the worst values for shear stress in all the specimens.
For second level corona treatment, the best values for PVC were shown at room temperature. This is shown in Figure 8 . Temperature increases weaken van der Waals bonds. At the room temperature, shear stress values are high but the elongation is low.
For the first level plasma, PE and PP specimens decreased when ageing started. This is shown in Figure 9 . The ageing time becomes longer, the shear stress values are lowered. PVC in particular showed a different tendency than PE and PP. The temperature rise led to a decline in shear stress values for PVC specimens. PVC surfaces to which plasma treatment was applied lost the effect of ambience as with temperature increases. Surface energy had a high value at low temperatures. Figure 10 . It shows that the variation in the surface of the resulting bond interface in which shear stress change depending on the temperature and gives different results depending upon the surface treatment. Specimens were incubated at three different temperatures for 30 days which used on impact tests. Figure 11 shows the impact strength values for abraded PE, PP and PVC as a function of temperature.
For the results obtained by abrasion treatments, the highest value belonged to PVC. PE and PP showed nearly similar values for impact tests. Impact strength was obtained at 20 o C temperature and this was higher for first level corona treatment ( Figure 12 ).
The highest strength value was obtained in PVC specimens. PP specimens showed better values as temperature increased.
At first level plasma treatment, the highest impact strength values were obtained at 0 o C ( Figure 13 ).
Conclusions
In this experimental study, effect of surface pre-treatment and temperature changes were investigated the adhesively bonded polymer joints. PE specimens had the best results for shear strength on the -20 
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-20, 80 ºC for PE, PP and PVC, respectively. So, the shear strength of PVC at an operating temperature of -20 ºC is higher than other materials. As the glass transition temperature of the material moves away from the operating ambient temperature, the strength value increases. The decrease in strength of PP is because its operating temperature is close to the glass transition temperature.
PP specimens gave the most successful result for shear strength at -20 o C; 30 days after corona treatment has been applied. The interface bonds are weakened while the temperature has increased. When the PP material approaches the glass transition temperature, there is breakage in the bond structure. Therefore, weak adhesion forces occurred between the polymer and adhesive interfaces. The joint strength has been increased by the corona system. The effect of temperature on plasma treated surfaces is minimal. Plasma surface treatments carried out at room temperature on the PP specimen is determined to have a higher shear strength.
The surface treatments which were applied to PVC made improvements to the adhesion forces. So, corona and plasma surface treatments gave higher joint shear strength. Although the application of surface treatment to PVC gave the most successful results for the impact strength, PE and PP did not. The specimens to which abrasion treatment had a higher impact strength than corona and plasma treatment.
